SUMMARY Two-dimensional suprasternal notch echocardiography was performed in 1033 patients, ages 1 day to 18 years. For the long-axis suprasternal notch view, the transducer was positioned in the suprasternal notch and angled to obtain a plane passing between the right nipple and left scapular tip. In this view, the entire aortic arch, vessels to the head and neck, right pulmonary artery and right bronchus were imaged. The longaxis view was useful for evaluating coarctation and interruption of the aorta, hypoplastic left heart, aortic and pulmonic stenosis and cervical aortic arch. For the short-axis suprasternal notch view the transducer was positioned in the suprasternal notch and angled to obtain a coronal body plane. In this view the transverse aorta, right pulmonary artery, left atrium, innominate veins and superior vena cava were imaged. The short-axis view was useful in the evaluation of children with increased or decreased pulmonary blood flow, persistent left superior vena cava, total anomalous pulmonary venous return to the right superior vena cava, and superior vena caval obstruction after Mustard's operation. In the evaluation of children with congenital heart disease, the suprasternal notch views added significant information to the two-dimensional echocardiographic examination.
M-MODE echocardiographic examination from the suprasternal notch is a well-established technique for evaluating the transverse aorta, right pulmonary artery and left atrium." 2 Using M-mode suprasternal notch echocardiography, Allen and colleagues found that the ratio of the transverse aortic arch diameter to the right pulmonary artery diameter was useful in the evaluation of certain forms of congenital heart disease.3 After the introduction of two-dimensional echocardiography, long-axis and short-axis planes were described for imaging cardiac structures from the suprasternal notch by two-dimensional echocardiography. 4' 5 Coarctation of the aorta is the only form of congenital heart disease that has been extensively evaluated with two-dimensional suprasternal notch echocardiography.6 7 In this report we describe the normal anatomic structures seen in the two-dimensional suprasternal notch planes and illustrate the usefulness of the suprasternal notch planes in evaluating children with congenital heart disease.
Materials and Methods
We evaluated 1033 patients from the suprasternal notch as part of the routine two-dimensional echocardiographic examination. The patients were 1 day to 18 years old. The diagnosis was confirmed by subsequent cardiac catheterization in 527 patients. In the remainder, the diagnosis was confirmed by a combination of the clinical evaluation, electrocardiography, roentgenography and M-mode echocardiography.
Suprasternal notch echocardiography was performed with a Varian Associates 80°phased-array sector scanner (3.5-MHz transducer) or a Toshiba SSH 10A Sonolayergraph (2.4-MHz transducer). The patients were examined in the supine position with a pillow placed under the shoulders so as to extend the neck. Often the patient's head was turned slightly to the left in order to gain access to the suprasternal notch. In some patients contrast echocardiography was performed with a bolus of 2-5 ml of normal saline during cardiac catheterization to verify certain anatomic features.
For the long-axis suprasternal notch view the transducer was positioned in the suprasternal notch and angled to obtain a plane passing between the right nipple and left scapular tip6 ( fig. IA) . In this plane the right pulmonary artery was seen in cross-section as it courses beneath the aortic arch. To visualize the left pulmonary artery from the long-axis suprasternal notch view, the transducer was tilted slightly to the patient's left ( fig. 1B) . For the short-axis suprasternal notch view, the transducer was placed in the suprasternal notch parallel to the sternum and a coronal body plane was imaged ( fig. 2) 
The Normal Image
In 279 patients the cardiac structures seen by suprasternal notch echocardiography were normal. The echocardiographic findings were confirmed by cardiac catheterization in 24 of these patients. The remaining 255 patients were confirmed as being normal by complete physical examination, roentgenography, electrocardiography and M-mode echocardiography. In the long-axis suprasternal notch view the entire aortic arch and vessels to the head and neck were visualized ( fig. 3A) . Frequently, the aortic valve leaflets were seen ( fig. 3B ). The right pulmonary artery was imaged in cross section as it coursed beneath the aortic arch, and the right mainstem bronchus (an eparterial bronchus) was imaged as a circular area of densely reflected echoes situated just above the right pulmonary artery. In addition, the left innominate vein, which courses from left to right in front of the vessels to the head and neck, was seen in cross section as a circular structure superior to the transverse aorta and anterior to the innominate artery.
When the standard long-axis suprasternal notch plane was tilted slightly to the patient's left, the transverse aorta, descending aorta and left pulmonary artery were visualized ( fig. 4) pulmonary artery were imaged in a tangential section and, therefore, assumed a characteristic comma shape. Because the left mainstem bronchus is a hyparterial structure, no densely reflected echoes were seen superior to the left pulmonary artery as was seen superior to the right pulmonary artery. Often the left atrium and left atrial appendage were imaged in this projection ( fig. 5 ).
In the short-axis suprasternal notch view, the transverse aorta was seen in cross-section as an anterior circular structure ( fig. 6 ). Inferior to the transverse aorta the right pulmonary artery was seen in a longitudinal section along its entire length. On the patient's right the first branches of the right pulmonary artery were present. In the normal patients, the diameter of the transverse aorta was as large or slightly larger than the diameter of the right pulmonary artery. Inferior to the right pulmonary artery, the left atrium and, occasionally, the upper pulmonary veins, were imaged. Also, the left innominate vein was seen coursing superior to the transverse aorta from left to right. fig. 9 ).
In the short-axis suprasternal notch view in two patients with situs ambiguus, superior venae cavae were imaged along both sides of the transverse aorta. At cardiac catheterization these patients had bilateral superior venae cavae drainiing to both atria ( fig. 10 ).
In the short-axis suprasternal notch view in one cyanotic newborn, a large vascular collar was seen surrounding the transverse aorta ( fig. 11) . The echocardiographic diagnosis of total anomalous pulmonary venous return to the right superior vena cava via a left vertical vein was confirmed by cardiac catheterization. In the suprasternal notch echocardiogram in this infant, an extremely small left atrium was also visualized.
In three newborn infants with a vein of Galen fistula confirmed by angiography, the superior vena cava and innominate vessels were very enlarged in the shortaxis suprasternal notch view. During a suprasternal notch contrast study, microcavitations from a peripheral saline injection filled the superior vena cava and immediately opacified the aorta because of rightto-left atrial shunting. Several heart beats later the superior vena cava again opacified from microcavitations that had passed from the cerebral arteries to the cerebral veins by way of the vein of Galen fistula.
We examined 29 infants after Mustard's operation for d-transposition of the great arteries who had also undergone cardiac catheterization. In 25 infants, suprasternal notch echocardiography was normal except for the presence of the baffle in the area of the In 10 patients with interruption of the aortic arch confirmed by cardiac catheterization, the long-axis suprasternal notch view showed the ascending aorta and descending aorta without an intervening segment of transverse aorta ( fig. 13) . In three patients, the FiGURI U 10. Short-axis suprasternal notch view from a patient with bilateral superior venae cavae (SVC) imaged along both sides of the transverse aorta (a). i = innominate vein; la = left-sided atrium; rpa = right pulmonary artery. the inferior vena cava. In these four patients, an area of superior vena cava obstruction was not visualized directly by suprasternal notch echocardiography.
Abnormalities of the Aorta and Aortic Arch
In 30 patients with coarctation of the aorta confirmed by cardiac catheterization, the long-axis suprasternal notch view showed an area of narrowing in the descending aorta, followed by an area of poststenotic dilatation (fig. 12) . In these patients, the origin of the brachiocephalic vessels relative to the interruption was clearly seen ( fig. 14) .
In the long-axis suprasternal notch view in six newborns, the transverse aorta and descending aorta were clearly seen. However, the ascending aorta was extremely small or atretic. The echocardiographic diagnosis of hypoplastic left-heart syndrome was confirmed by aortography in these infants. In the shortaxis suprasternal notch view, the transverse aorta was much smaller in diameter than the right pulmonary artery. With anterior tilt of the transducer in the short-axis suprasternal notch plane, the ascending aorta could not be seen clearly.
In one patient admitted for evaluation of a pulsatile mass in the right side of the neck, no structure resembling an aortic arch was seen from the suprasternal notch. When the transducer was placed directly over the pulsatile mass in the same plane as a longaxis suprasternal notch view, an aorta with a narrow, high arch was imaged ( fig. 15) . Cardiac catheterization demonstrated a persistent cervical aortic arch located on the right side of the neck.
In 72 patients with valvar aortic stenosis, the ascending aorta appeared dilated in the suprasternal notch planes. With anterior tilt of the transducer in the short-axis suprasternal notch plane, we imaged thickened, domed aortic valve leaflets in 51 of these patients.
In 26 patients the aortic arch was not seen in its entirety from the standard long-axis plane in the suprasternal notch. In these cases the transducer was then rotated 300 counterclockwise and tilted slightly toward the patient's right. If the entire long axis of the aortic arch was visualized in the new transducer position, a diagnosis of right aortic arch was made. The echocardiographic diagnosis of right aortic arch was made and confirmed in 26 patients; however, in 12 patients the aortic arch was not clearly imaged in either location by long-axis suprasternal notch echocardiography. Eight of these patients were later found to have a right aortic arch.
Abnormalities of the Pulmonary Arteries
Infants and children (297 patients) with significant intracardiac left-to-right shunting were noted to have enlarged pulmonary arteries by suprasternal notch echocardiography. Normally the diameter of the right pulmonary artery was equal to or slightly smaller than the diameter of the transverse aorta in the short-axis suprasternal notch view. In patients with significant left-to-right shunting, the diameter of the right pulmonary artery was greater along the entire length of the right pulmonary artery. In 62 patients with valvar pulmonic stenosis and poststenotic dilatation, only the area of the main pulmonary artery and its junction with the left pulmonary artery were enlarged; however, the distal right and left pulmonary arteries were usually of normal size ( fig. 16 ).
We examined three patients in whom the entire right pulmonary artery was enlarged far more than was seen in any of the patients with left-to-right intracardiac shunting ( fig. 17) . At cardiac catheterization these patients were found to have an absent pulmonary valve complex.
In 139 patients with significant right-to-left intracardiac shunting confirmed by cardiac catheteriza- tion the pulmonary arteries were small relative to the transverse aorta in the suprasternal notch views ( fig.  18 ). These patients had tetralogy of Fallot, pulmonary atresia with a ventricular septal defect, pulmonary atresia with intact ventricular septum, tricuspid atresia with pulmonic stenosis, critical pulmonic stenosis, or other complex defects with decreased pulmonary blood flow. In several patients we have measured serial pulmonary artery size by suprasternal notch echocardiography to assess the pulmonary blood flow after a palliative shunt procedure.
Discussion
The suprasternal notch provides an echocardiographic window for evaluating the aortic arch, brachiocephalic vessels and the pulmonary arteries. This technique is useful for evaluating coarctation and interruption of the aorta, aortic and pulmonic stenosis, transposition of the great arteries after Mustard's operation, superior vena caval anomalies, and congenital heart disease associated with increased or decreased pulmonary blood flow. Some potential uses of suprasternal notch echocardiography are not illustrated in this report. These views could be used to evaluate left atrial masses, Glenn shunts, or aortic arch anomalies causing vascular rings. ventilated. In such patients, we have often obtained the identical suprasternal notch planes from the area of the manubrium sternum, which is not heavily calcified at this age. Alternatively, the infant may be placed with his entire body supine on a pillow and his head allowed to drop over the edge of the pillow. The suprasternal notch examination can be performed when the infant has relaxed in this position. In some cases we have had the infant's mother place her hand below the child's scapulae and gently lift his back, letting his head fall backward. These techniques help eliminate the problem of poor access to the suprasternal notch in newborn infants. The success of suprasternal notch echocardiography also depends on the equipment. In order not to frighten or cause pain in young children, a small transducer with minimal mechanical motion is essential. The transducer should have a small circular surface area that fits into the suprasternal notch. Most of the structures examined by suprasternal notch echocardiography are anteriorly situated, so the suprasternal notch examination is best when obtained with a two-dimensional system that has good near-field resolution.
Adequate suprasternal notch examination is not possible in all patients; our failure rate was 7%. Besides the limitations caused by patient cooperation and equipment, variations in the position of the ascending and descending aorta may make the suprasternal notch examination difficult. The suprasternal notch views are especially hard to obtain in patients with a right aortic arch and in patients with I-transposition of the great arteries.
Two-dimensional echocardiography from the suprasternal notch provides a method for evaluating certain structural abnormalities that cannot be seen with other views. This technique should not be used alone in the evaluation of a child with congenital heart disease; rather, it should be used to complement information obtained from standard precordial and subxiphoid views. The application of suprasternal notch echocardiography to the serial assessment of the efTects of medical and surgical intervention upon pulmonary artery size should prove extremely useful in the management of children with congenital heart disease.
